Lower and upper bound form of outage probability in one-way AF full-duplex relaying network under impact of direct link by Tin, Phu Tran et al.
TELKOMNIKA Telecommunication, Computing, Electronics and Control 
Vol. 19, No. 4, August 2021, pp. 1162~1168 
ISSN: 1693-6930, accredited First Grade by Kemenristekdikti, Decree No: 21/E/KPT/2018 
DOI: 10.12928/TELKOMNIKA.v19i4.17683  1162 
  
Journal homepage: http://journal.uad.ac.id/index.php/TELKOMNIKA 
Lower and upper bound form of outage probability in one-way 
AF full-duplex relaying network under impact of direct link 
 
 
Phu Tran Tin1, Van-Duc Phan2, Le Anh Vu3 
1Faculty of Electronics Technology, Industrial University of Ho Chi Minh City, Ho Chi Minh City, Vietnam 
2Faculty of Automobile Technology, Van Lang University, Ho Chi Minh City, Vietnam  
3Optoelectronics Research Group, Faculty of Electrical and Electronics Engineering, Ton Duc Thang University,  
Ho Chi Minh City, Vietnam 
 
 
Article Info  ABSTRACT  
Article history: 
Received Aug 18, 2020 
Revised Dec 9, 2020 
Accepted Dec 23, 2020 
 
 This paper proposed and investigated the one-way amplify-and-forward (AF) 
full-duplex relaying network under impact of direct link. For the system 
performance analysis, the exact and lower and upper bound form of the system 
outage probability (OP) are investigated and derived. In this system model, 
authors assume that the E uses the maximal ratio combining (MRC) technique. 
Finally, we can see that the analytical and the simulation values overlap to 
verify the analytical section using the Monte Carlo simulation. Also, we 
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1. INTRODUCTION  
Radio frequency (RF) signals can carry both information and energy can be considered as the main 
electrical sources in communication network, called wireless powered networks (WPNs) [1]-[10]. In [11], 
authors studied the outage probability between some points based on the tradeoff fundamental, and [12] 
proposed and designed the practical receiver for energy and information transmission and its advantages for 
the communication network. Furthermore, the authors in [13] presented and demonstrated the practical energy 
harvesting communication network, and [14] proposed and investigated the continuous energy and power 
transmission in the cognitive relaying communication network. Moreover, the time switching and the power 
splitting protocols design for the communication network and the comparison between them are proposed and 
investigated in [15]-[18]. 
This paper proposed and investigated the one-way amplify-and-forward (AF) full-duplex relaying 
network under impact of direct link. For the system performance analysis, the exact and lower and upper bound 
form of the system outage probability (OP) are investigated and derived. In this system model, authors assume 
that the E uses the maximal ratio combining (MRC) technique. Finally, we can see that the analytical and the 
simulation values overlap to verify the analytical section using the Monte Carlo simulation. Also, we 
investigate the influence of the system primary parameters on the proposed system OP. 
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2. SISTEM MODEL 
In Figure 1, we illustrated the system model of the peoposed system and the energy harvesting (EH) and 
information processing (IT) phases are illustrated in Figure 2 as in [19]-[25]. In this model, all of the channels are 




RD| |h  and 
2
SD| |h  can be formulated as (1). 
 
𝐹|ℎ𝑆𝑅|2(𝑥) = 1 − 𝑒𝑥𝑝(−𝜆SR𝑥) , 
 
𝐹|ℎ𝑅𝐷|2(𝑥) = 1 − 𝑒𝑥𝑝(−𝜆RD𝑥) , 
 
𝐹|ℎ𝑆𝐷|2(𝑥) = 1 − 𝑒𝑥𝑝(−𝜆SD𝑥) (1) 
 
Here, we assume (2) 
 
𝜆SR = (𝑑SR)
𝜒 , 𝜆RD = (𝑑RD)
𝜒 , 𝜆SD = (𝑑SD)
𝜒 (2) 
 
then we have (3). 
 
𝐹|𝑓|2(𝑥) = 1 − 𝑒𝑥𝑝(−𝜆𝑅𝑅𝑥) (3) 
 
Finally, the PDFs of 
2
SRh ,  
2
RDh  and 
2
f  can be given as the follows 
 
𝑓|ℎ𝑆𝑅|2(𝑥) = 𝜆SR 𝑒𝑥𝑝(−𝜆SR𝑥) , 
 
𝑓|ℎ𝑅𝐷|2(𝑥) = 𝜆RD 𝑒𝑥𝑝(−𝜆RD𝑥) , 
 
𝑓|ℎ𝑆𝐷|2(𝑥) = 𝜆SD 𝑒𝑥𝑝(−𝜆SD𝑥) , 
 






Figure 1. System model 
 
Figure 2. The time switching protocol 
 
 
2.1.  Energy harvesting and Information transmission 
The received signal at the relay can be expressed as 
 
𝑦𝑅 = ℎ𝑆𝑅𝑥𝑠 + 𝑓𝑥𝑅 + 𝑛𝑅 (5) 
 



















. The received signal at the destination can be given by 
 
𝑦𝐷 = ℎ𝑅𝐷𝑥𝑅 + 𝑛𝐷 (7) 
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From (7) and combining with (5), we can obtain: 
 
𝑦𝐷 = ℎ𝑅𝐷𝛽𝑦𝑅 + 𝑛𝐷 = ℎ𝑅𝐷𝛽[ℎ𝑆𝑅𝑥𝑠 + 𝑓𝑥𝑅 + 𝑛𝑅] + 𝑛𝐷 
 
= ℎ𝑅𝐷ℎ𝑆𝑅𝑥𝑠𝛽⏟      
𝑠𝑖𝑔𝑛𝑎𝑙
+ ℎ𝑅𝐷𝛽𝑓𝑥𝑅⏟    
interference


































 = . Next, the destination will also receive the information directly from the source. Therefore, the 






























3. SYSTEM PERFORMANCE ANALYSIS 
3.1.  Exact analysis 
The System OP at the source destination can be defined as (12), 
 
𝑂𝑃 = 𝑃𝑟(𝛾𝑀𝑅𝐶





where th  is the predetermined threshold of the system. To find the probability in (12), we have to calculate 
the cumulative distribution function (CDF) of X and the probability density function (PDF) of Y. So, the CDF 
of X can be found as (13). 
 











SR RDT h h=  and 
2
Z f= , the (13) can be reformulated by (14). 
 
𝐹𝑋(𝑥) = 𝑃𝑟 (
𝜅𝛷𝑇
𝜅2𝛷𝑇𝑍 + 𝜅𝑍 + 1
< 𝑥) 
 
= 𝑃𝑟[𝜅𝛷𝑇 < 𝑥(𝜅2𝛷𝑇𝑍 + 𝜅𝑍 + 1)] 
 
= 𝑃𝑟[𝑇(𝜅𝛷 − 𝜅2𝛷𝑍𝑥) < 𝑥(𝜅𝑍 + 1)] 
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From (10), the CDF of random variables (RVs) T can be computed by (15). 
 
𝐹𝑇(𝑡) = 𝑃𝑟(𝑇 < 𝑡) = 𝑃𝑟(|ℎ𝑆𝑅|
2|ℎ𝑅𝐷|










2 = 𝑦) 𝑓|ℎ𝑅𝐷|2(𝑦)𝑑𝑦 
 








Applying equation (3.324,1) of [23] as shown in (15) can be reformulated by (16), 
 
𝐹𝑇(𝑡) = 1 − 2 × √𝜆𝑆𝑅𝜆𝑅𝐷𝑡 × 𝐾1(2√𝜆𝑆𝑅𝜆𝑅𝐷𝑡) (16) 
 
where ( )vK •  is the modified Bessel function of the second kind and v
th order. Applying (16) for (14), ( )XF x  
can be obtained by (17). 
 












Next, the CDF of Y can be found as (18). 
 
𝐹𝑌(𝑦) = 𝑃𝑟(𝑌 < 𝑦) = 𝑃𝑟(𝛷|ℎ𝑆𝐷|
























Substituting (17) and (19) into (12), finally, the OP in exact form can be claimed as (20), 
 











∫ ∫ 𝑒𝑥𝑝 (−𝜆𝑅𝑅𝑧 −
𝜆𝑆𝐷𝑦
𝛷






𝐾1[2ϒ(𝑦, 𝑧)] 𝑑𝑦𝑑𝑧 (20) 
 





3.2.  Lower and upper bound analysis 
From (11), we can compute as (21). 
 
2𝑚𝑖𝑛(𝑋, 𝑌) ≤ 𝑋 + 𝑌 ≤ 2𝑚𝑎𝑥( 𝑋, 𝑌)  (21) 
 
Therefore, the OP of the system in lower bound form can be given by (22). 
 
𝑂𝑃𝐿𝐵 = 𝑃𝑟 [𝑚𝑖𝑛( 𝑋, 𝑌) <
𝛾𝑡ℎ
2
] = 1 − 𝑃𝑟 (𝑋 ≥
𝛾𝑡ℎ
2





)⏟        
𝑃2
 (22) 
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From (17), P1 can be calculated as (23). 
 
𝑃1 = 1 − 𝑃𝑟 (𝑋 <
𝛾𝑡ℎ
2
) = 2𝜆𝑅𝑅 × 
 












Next, P2 can be found as (24). 
 
𝑃2 = 1 − 𝑃𝑟 (𝑌 <
𝛾𝑡ℎ
2





Substituting (23) and (24) into (22), we have: 
 

















Similar to the above, the upper bound OP of the system can be computed as (26). 
 
𝑂𝑃𝑈𝐵 = 𝑃𝑟 [𝑚𝑎𝑥( 𝑋, 𝑌) <
𝛾𝑡ℎ
2
] = 𝑃𝑟 (𝑋 <
𝛾𝑡ℎ
2























4. NUMERICAL RESULTS AND DISCUSSION  
The system OP versus α is shown in Figure 3 with η=1, γth =1, and Φ =7 dB. The results show that 
the OP of the model system has a massive decrease with the rising of α from 0 to 0.45 and the has a considerable 
increase when α rises to 1 in three cases with exact, lower and upper bound analysis. The maximal value of the 
system OP can be obtained with α=0.45. Furthermore, the OP is considered as the function of γth, as shown in 
Figure 4. Here we set η=0.8, α=0.25, and Φ =5 dB. Here, γth increases from 0 to 6, as shown in Figure 4. As 
shown in Figure 4, the system OP increases significantly when β rises in three cases with exact, lower, and 
upper bound analysis. From Figures 4 and 5, the analytical and the simulation curves overlap each others as 





Figure 3. OP versus α 
 
Figure 4. OP versus γth 
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Furthermore, the system OP versus η and Φ are investigated in Figures 5 and 6, respectively. In  
Figure 5, the main system parameters are set as α=0.75, γth =1 and Φ =5 dB, and in Figure 6, we set α=0.5, γth 
=1, and η=1 respectively. From Figures 5 and 6, it can be observed that the system OP has a slight increase 
with rising η from 0 to 1 and has a massive decrease when Φ varies from -5 to 15 dB, respectively. Also, the 





Figure 5. OP versus η 
 
Figure 6. OP versus Φ 
 
 
5. CONCLUSION  
This paper proposed and investigated the one-way AF full-duplex relaying network under impact of 
direct link. For the system performance analysis, the exact and lower and upper bound form of the system 
outage probability (OP) are investigated and derived. In this system model, authors assume that the E uses the 
MRC (maximal ratio combining) technique. Finally, we can see that the analytical and the simulation values 
overlap to verify the analytical section using the Monte Carlo Simulation. Also, we investigate the influence 
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